This work aimed to study nitrogen response and sufficiency indices using some Egyptian bread wheat varieties and their F1 hybrids in order to detect the existed genetic variabilities and genetic behaviours for grain yielding under Azospirillum and Anabeana biofertilizers.
INTRODUCTION
Nitrogen (N) fertilization plays a central role for improving the yield in wheat plants. High N use efficiency (NUE) is desired to protect ground and surface waters ( Salvagiotti et al. 2009 ). The genetic informations about the Egyptian wheat varieties can help to explain the genotypic variations existed for their responses to N biofertilization.
A wide literature exists on (NUE) and its components has been reviewed before by Parry and Reynolds, 2007; Dawson et al., 2008; Bradley and Kindred, 2009; Abedi et al., 2011; El-Sayed et al., 2013 and Peter et al., 2014 . Azotobacter chroococcum strains achieved positive effect on the yield and N concentration in grains (Kizikaya, 2008) .
Nitrogen response index (NRI), is an indicative of the percentage increase in yield that could be obtained via N fertilization, i.e. determining the actual response of a given wheat genotype to applied N. But N sufficiency index of the studied wheat genotypes expressed as N response index but in inverse trend.
This investigation aimed to study the effect of genotypic variations in Egyptian wheat genotypes, parents and their F 1 's, on N response and N sufficiency under biofertilization with Azospirillum and Anabeana, as well as, to examine the genetic components of generation means under each N treatment.
MATERIALS AND METHODS

I-Genetic materials:
Three Egyptian bread wheat (Triticum aestivum, L.) varieties were used in this study. These varieties were supplied from Wheat Research Section., Agriculture Research Center., Ministry of Agriculture, Giza, Egypt. The pedigree and origin of these varieties are shown in Table 1 . These varieties were found to be different in their response to nitrogen reaction according to the results of Seham Mohamed (2002) .
This investigation was carried out at the Experimental Farm of the Faculty of Agriculture, Zagazig University during the winter growing seasons of 2011 and 2012. The parental wheat plants were crossed in 2011 using Sakha 8 (P 1 ) as a common female parent, as well as, Sids 7 (P 2 ) and Sids 1 (P 3 ) as male parents. Biofertilization tests were done in 2012, using parental and F 1 grains grown in plastic bages. Each bag filled with 5 kg of mixture of clay soil and sand (2:1). Nitrogen content in the soil was 17.5 ppm. Three treatments were applied, no nitrogen supply as a control, Anabaena oryzae and Azospirillum spp. The bags were arranged in a complete randomized block design using three replicates. Each genotype represented by nine bags i.e. three bags for each biofertilization treatment. In each bag, five grains were planted and after two weeks the seedlings were thinned to three seedlings.
Two associative rhizosphere bacteria, Azospirilum brasilense and Anabeana oryza were used for inoculation treatments. Efficient strains of these rhizobacteria were kindly provided by unit of Biofertilizers, Faculty of Agriculture, Zagazig University. Azosprillium inoculum was prepared using four days old cultures in a liquid medium. Cultures were incubated at 28ºC under static conditions. The Anabeana inoculum was prepared using seven days old cultures in a liquid medium, cultures were incubated at 28ºC in a rotary shaker. The growth media for both Azospirillum and Anabeana were done according to Knowles (1982) . Cell density of each inoculating bacteria form both cultures was adjusted to 6.0 × 10 8 cells/ml.
II-Methods:
Grains of the studied wheat genotypes were surfacely sterilized with acidified 0.01% HgCl 2 for 5 min and then washed thoroughly several times with sterilized distilled water.
Sterilized grains of each genotype (parent or hybrid) were divided into three groups. The control grain were surfacely heat-sterilized inoculum. The other two groups were inoculated by soaking for 20 min in each bacterial liquid culture using Arabic gum as adhesive agent. The inoculated grains and controls grains were left for air drying before sowing in the field. The bacterial count per grain at the time of inoculation was ranged from 20 × 10 4 to 30 × 10 4 cells per grain. Inocula solutions were added once at sowing and then individual plants from each replicate per treatment were harvested at maturity to be measured grain yield. Grain yield was used in calculating N response index (NRI), and N sufficiency index according to Singh and Arora (2001) .
N response index (NRI) = GY f /GY o , N sufficiency index (NSI) = GY o /GY f Where:
GY o = grain yield/ plant of control in gm. GY f = grain yield/ plant of N fertilized treatment in gm. The obtained data was statistically analysed using analysis of variance according to Sokal and Rohlf (1995) . Means and their standard errors were calculated. The genetic components of generations means under each biofertilization treatment were determined according to Kearsey and Pooni (1996) . Table 2 illustrate mean performance of grain yield by parental genotypes and their F 1 hybirds under two biofertilization forms. The analysis of variance are presented in Table 3 .
RESULTS AND DISCUSSION
Data in
The grain yield of wheat genotypes (parents and F 1 hybrids) was varied between both biofertilization, which showing higher yield over control, as well as, exhibiting significant variations. Higher grain yield was clearly observed under biofertilization of Azospirillum rather than Anabeana. Plant genotypes showed lower values in grain yieling with Anabeana rather than higher values exhibited with Azospirillum. For instance, Sakha 8 showed the lowest value under Anabeana and highest value with Azospirillum if compared with all the other parents. On the other hand, Sids 1 plants exhibited higher grain yielding when they are biofertilized with Anabeana and Azospirillum. Genotypic differences appeared herein between the parental genotypes may be due to their differences in responses to biofertilization owing to their different genetic backgrounds which affect on root exudates, as well as, the activity of biofertlization in the rhizosphere ( Seham Mohamed 2002). The expression of grain yielding by F 1 hybrids appeared the same trend as their parental genotypes, showing lower values under Anabeana biofertilization form and higher values under Azospirillum. Grain yield was increased in F 1 hybrids than their common parent, Sakha 8. This agreed with Zhao et al. (2009) who found varietal differences in N accumulation and partitioning to the grain among oat cultivars grown in pots and subjected to five N fertilization regimes. Peter et al. (2014) studied twenty varieties of wheat (Triticum aestivum L.) that were grown with low and high supplies of nitrogen (N) in the field experiment and found significant genetic variation in grain yielding as a crop performance.
Nitrogen response index and N sufficiency index are presented in Table 4 . Regarding N response index, it is an indicative of the percentage increase in yield that could be obtained via N fertilization, i.e. determining the actual response of a given wheat genotype to applied N. Plant genotypes were nearly similar in N response index under both biofertilizer forms. For instance all parental genotypes were similar in response index under the effect of biofertilization with Anabeana. But under Azospirillum, Sids 1 and Sids 7 were similar in response index and both were decreased than Sakha 8 which was high in its response. It is of interest to note that biofertilization response indices by Azospirillum was greater than that observed by Anabeana. The results also indicated that F 1 hybrids, as well as, their corresponding parents were differed to both biofertilization forms. On the other hand, F 1 plants resulted from the cross between Sakha 8 x Sids 1 showed lower response index if compared with their parents under the effect of Anabeana form, while the opposite trend was obtained under the effect of Azospirillum form.
Worthily, sufficiency index is simply the inverse of biofertilizer response index, mathimaticaly, but theoretically has different concept, it is bound directly to the actual biofertilizer applied without recognizing yield potential (Vervel et al., 1997) . Therefore, biofertilizer sufficiency index of the wheat genotypes studied herein expressed as biofertilizer response index was higher under the effect of Azospirillum than that under Anabeana supply forms. Wheat genotypes, parents or F 1 hybrids, that showed higher biofertilizer response exhibited lower N sufficiency. These results agreed with Raun and Johnson (1999) , who reported that biofertilizer response index ranged from 1.5 to 4.1 in wheat. These lower values may be due to the lower yielding potentials of the unfertilized treatment. So, when biofertilizer response index is low, there is little hope to identify N improved strategies because of non responsiveness. Furthermore, Halvorson et al. (2000) obtained lower values of response index and stated that it is not possible to identify the requirement for changing N management.
Estimates of yield components based on generations means of grain yielding for each biofertilizer supply form reflected different environmental interactions. The estimates of genetic components for biofertilizer response index and sufficiency index under biofertilization supply forms are presented in Table 5 . Data showed that the additive component was significant in most F 1 crosses. The significance of additive gene effects for biofertilizers response index and biofertilizers sufficiency index may give some promising opportunities to genetically improvement biofertilizer efficiency in nitrogen fixation with wheat. This agreed with Johnson and Raun (2003) , who mentioned that improving of biofertilizer response index could lead at the same time to improving N use efficiency.
On the other hand, dominance component was the average of dominance gene effects over all loci, [d] values were significant and negative in the crosses between Sids 1 x Sakha 8, Sids 7 x Sakha 8 under Azospirillumi, as well as, Sids 1 x Sakha 8 under Anabeana. Such significances in both crosses appeared to be due to the involvement of the common parent Sids 1. Also, these negative estimates of [d] suggested the dominance gene effects of the lower parent controlling these traits.
The results obtained herein related the response of wheat genotypes to biofertilizer supply forms suggested that the additive gene effects were more operating than the dominance gene effects. The F 1 cross results from Sids 7 x Sakha 8 was exhibited significant additive and dominante gene effects for N response index and N sufficiency index.
It is interest to note that the estimation of additive and dominance gene effects appeared to be biased by some sort of epistatic effects. This may be lead to a kind of discrepancy in the importance of additive and dominance gene effects for N response and sufficiency indices in wheat genotypes used in this study.
Expression of heterosis values related to N response and sufficiency index in F 1 plants over their better parents under both N supply forms of biofertilization are presented in Table 4 . Negative heterotic effects were detected in most F 1 plants under both N supply forms. Likewise, the F 1 cross "Sakha 8 x Sids 1" exhibited significant negative heterosis for N response and sufficiency under N supply forms, while "Sakha 8 x Sids7" only exhibited significant positive heterotic effects for N response unser Anabeana.
Therefore, genetic improvement of biofertilizer response and sufficiency index could be achieved through selection method which given a good attention.
In conclusion, further attentions must be needed and directed towards genetic studies, integrating with soil biofertilization and plant nutrition to warding wheat populations originated from diverse germplasm to give more clear picture in genetic behavior of biofertilizer N response in wheat.
